###### Strengths and limitations of this study

-   This study used prospectively collected administrative data for a large number of consecutive patients.

-   It provides useful information to demonstrate that there was no significant increase in workload in the emergency department.

-   The use of removable splints in preference to plaster backslabs resulted in reduced treatment time.

-   This study cannot confirm a causal relationship between these findings, only an association.

-   This study design cannot detect any longer term orthopaedic consequences of this new process such as missed diagnosis or late complication detection. Further studies should be performed to examine this.

Introduction {#s1}
============

All patients with acute fractures have traditionally been referred to a fracture clinic soon after injury. When there is a need for an orthopaedic opinion in the emergency department (ED), the patient is often initially reassessed by the most junior member of the orthopaedic team. Both these issues can lead to increased time in the ED, along with unnecessary subsequent clinic visits. A collaboration between Orthopaedic and Emergency Medicine Services at our institution has resulted in a redesigned fracture management system with agreed guidelines on treatment, direct admission criteria and leaflet supported discharge from the ED, along with implementation of a 'Virtual' fracture clinic (VFC) system for orthopaedic review. Although other institutions have introduced systems of outpatient trauma triage and nurse-led clinics,[@R1] [@R2] there are no reports of units implementing protocols for the definitive management of many simple, stable fractures completely within the ED.

The redesigned process had clear benefits for the orthopaedic service[@R3] and appeared more convenient to patients but ED staff were concerned that additional time and responsibility was being taken in the ED to carefully explain the follow-up arrangements and that this might have an adverse effect on patient flow. In addition, there was potential for patients to reattend the ED as a result of problems, whereas prior to redesign they would already have attended a traditional fracture clinic. This may be offset by the use of splints rather than backslabs, which may result in timesavings in application.

The aims of this study were to examine the time taken to manage common musculoskeletal injuries in the ED, before and after this process change, along with the seven-day reattendance rate.

Patients and methods {#s2}
====================

A redesigned pathway was introduced in our institution in October 2011. It consisted of 'Direct ED Discharge' for the most minor, stable fractures and a VFC review of all other injuries that did not require immediate admission. Isolated fifth metacarpal neck fractures, paediatric greenstick, clavicle and torus wrist fractures, mallet fingers, isolated radial head fractures, elbow 'fat pad positive' injuries and fifth metatarsal fractures were discharged by ED staff with appropriate treatment and written advice, but no routine follow-up. A telephone hotline to the fracture service was available for any subsequent questions. All other fractures that did not require immediate inpatient management had their clinical record and digital radiographic images reviewed at a thrice-weekly VFC by a consultant orthopaedic surgeon. There were three possible outcomes: virtual discharge, nurse-led clinic review or consultant specialty clinic review. The specialty clinics covered hand and wrist, foot and ankle, shoulder and elbow and knee. All patients were then telephoned and a management plan agreed. Use of removable wrist and ankle splints was encouraged in the ED instead of plaster application for the majority of outpatient-managed fractures involving the wrist, ankle and foot. More detailed protocols and advice leaflets are available online at <http://www.fractureclinicredesign.org>

During a one-year period from October 2011 to September 2012, there were 6385 patients treated using this new protocol. The ED direct discharge rate was 23% (n=2115) and 4270 (67%) were discussed at the VFC. Following the VFC, 1687 patients were discharged with no further face-to-face review. The remainder were reviewed at a specialty trauma clinic or a nurse-led clinic. After the VFC discussion, patients were contacted by telephone, with a further letter sent to the patient and general practitioner. In this series of patients discharged from the VFC with no further face-to-face review (n=1687), telephone contact was made with 1208 (72%) while messages were left on voicemail for 258 (15%). No telephone contact was made with 221 patients (13%). A written summary of the discussion was sent to all patients. In a further development to the process, a senior orthopaedic registrar (specialty trainee year 3 and above) was available for advice and it was agreed that all but the most complex patients could be directly admitted after discussion, rather than wait for a further duplication of review.

A retrospective study was carried to examine a period before and after the introduction of the new process. The study period was from October 2010 to November 2012. Ethical permission was not required as this was classed as a service audit and used pre-existing management level, anonymised data. The primary database used was EDIS (Emergency Department Information System, Omnis Software). Data were collected prospectively at the time of the clinical episode. A final discharge diagnosis and treatment outcome was recorded by the responsible clinician, along with the time of presentation and discharge. During this period, there were 167 735 ED visits.

A control group of patients were identified. This group had sustained a simple ankle ligament sprain (n=4060). This minor injury was completely managed by the ED throughout both study periods, without any change in management.

The study group was composed of a well-defined group of patients with orthopaedic injuries (isolated fracture of the fifth metacarpal, radial head, metatarsal and ankle (not requiring surgery) and radial styloid (not requiring surgery)). We chose these injuries as they were most reliable and numerous to identify within the data set. They were 'indicator' injuries that acted as markers for the effect of the process on similar groups (ie, those treated with splints vs plaster backslabs). It was not always possible restrospectively to identify whether a patient had been referred to the VFC; therefore, this group is analysed together. Therefore, within the second group were patients who were directly discharged with no follow-up, patients referred for discussion at the VFC (stable, undisplaced ankle fractures) and patients with fractures that were managed with removable splints in preference to plaster backslabs after the process change. The treatment time was calculated from the ED database as the time from initial clinician contact to discharge. This was chosen as it represented the time taken to assess and manage these injuries and was independent of waiting time. To examine the effect on unplanned returns, the data set was queried to identify patients with a subsequent episode related to the original attendance within 7 days. The discharge diagnosis was examined to determine the reason for return. There were 2840 patients who met the inclusion criteria before the change, and 3374 patients after.

Statistical analysis {#s2a}
--------------------

To compare the ED treatment time for patients who were discharged and admitted, independent sample Student t tests were used. The mean difference, 95% CI and p values were reported. Two-tailed tests were used and the level of significance was set at p\<0.05. Where categorical data were compared, a χ^2^ test (Fisher's exact test if any cell had less than five observations) was used and reported with an OR, 95% CI and p value. The admission time was compared using an analysis of variance test. Post hoc comparison with a Tukey correction for multiple testing was made of each step in the process, and a multiplicity adjusted p value was reported.

Results {#s3}
=======

There was no change in the treatment time for patients with ankle sprains. This group was completely managed by the ED and their treatment was unchanged during the study (p=0.888; [table 1](#BMJOPEN2014005282TB1){ref-type="table"}). They therefore acted as a control group. Similarly, for patients eligible for the redesigned process, there were no increases in treatment time for fifth metacarpal fractures (p=0.316), radial head fractures (p=0.948) and fifth metatarsal fractures (p=0.571). For injuries that were treated with removable splints, there was a reduction in treatment times for radial styloid fractures (p=0.046) and for simple, stable ankle fractures (p=0.032); ([table 1](#BMJOPEN2014005282TB1){ref-type="table"}).

###### 

Time from attendance to discharge (minutes) for (1) an injury completely treated by the ED and (2) injuries eligible for the new process

                                                                                   Treatment time (mean, min)                                  
  -------------------------------------------------------------------------------- ---------------------------- ------ ----------------------- ---------------
  \(1\) ED managed injury (n=4060)                                                                                                             
   Ankle sprain (n=4060)                                                           45.0                         45.1   0.1 (−1.5 to 1.8)       0.888
  \(2\) Managed by new process (combined ED discharge and VFC referral) (n=2154)                                                               
   5th Metacarpal (n=566)                                                          51.6                         54.3   2.7 (−2.6 to 8.1)       0.316
   Radial head (n=273)                                                             52.2                         52.4   0.2 (−6.0 to 6.5)       0.948
   Metatarsal (n=687)                                                              117                          119    2.0 (−5.1 to 9.1)       0.571
   Ankle fracture (n=539)\*†                                                       71.3                         65.2   −6.1 (−12.1 to −0.1)    **0**.**046**
   Radial styloid (n=89)\*                                                         62.8                         49.6   −13.2 (−25.3 to −1.2)   **0**.**032**

ED discharge and VFC referrals are analysed together as it was not always possible to determine the ultimate destination of a discharged patient.

\*Injuries that were treated with removable splints after the process change.

†Ankle fractures were subsequently reviewed at the virtual fracture clinic.

There was no change in the overall unplanned reattendance rate before or after the change (p=0.149) ([table 2](#BMJOPEN2014005282TB2){ref-type="table"}). There was, however, a decrease in reattendance in the ED in the cases of patients who had failed to attend a planned fracture clinic appointment (p=0.044; [table 2](#BMJOPEN2014005282TB2){ref-type="table"}).

###### 

Seven day unplanned re-attendance related to initial injury

                                 Before (n)      After (n)       p Value
  ------------------------------ --------------- --------------- ---------------
  Total ED attendances           2840            3374            
  Increasing pain or concern     32              46              0.408
  Plaster/splint/sling problem   27              18              0.056
  Missed clinic appointment      4               0               **0**.**044**
  Unable to manage at home       2               1               0.531
  Wound problem                  1               0               0.457
  **Total**                      **70 (2.5%)**   **65 (1.9%)**   **0**.**149**

Discussion {#s4}
==========

This study shows that ED performance was not adversely affected by the introduction of a virtual fracture review process. The time to discharge was not increased as a result of having to provide definitive explanation and advice. The time in the department was reduced in the case of radial styloid and non-operative ankle fractures. This may have been due to the time saving created by the use of removable splints in preference to plaster backslabs. Removable splints have previously been described in the successful early treatment of these fractures.[@R4]

Many stable fractures will heal without any further intervention.[@R5] Many of these patients do not require further review, but they do require a careful explanation of their condition, treatment plan, likely course and prognosis. For discharged patients, this is an ED clinician backed up by agreed written information. For patients reviewed in the VFC, this is further emphasised by telephone communication with the patient and review arranged---at the most appropriate clinic---where necessary. Such processes have benefits for patients by reducing unnecessary attendance and interventions such as repeat radiographs,[@R16] along with improved orthopaedic training experiences.[@R19]

As a profession, we should move towards patient-centred care, a key point of which is to enable patients to participate in planning follow-up. Review is only necessary for many stable injuries where a problem has developed and recovery does not meet expectations. Patients can be involved in decisions about follow-up based on individual factors, not least of which is convenience for them rather than the reviewing team, provided they are supported by clear fracture management advice provided initially by their ED consultation and reinforced by discharge information leaflets or further telephone consultation and have the option to seek further advice if needed. This paper has focused on the effects of the process on the ED. In separate work, we have examined patient satisfaction with the process. In a group of patients with suspected and definite radial head fractures, 90% were managed with direct discharge from the ED.[@R3] The satisfaction rate ranged from 87% to 95%.[@R3] Furthermore, in this group, there were only two patients who underwent late surgery for a late complication. Both of these patients recontacted the fracture clinic when their pain and restriction of movement did not settle in the time frame that had been discussed with them during their initial ED visit. These patients would not have undergone surgery at an earlier point as it is a general principle to treat all these injuries with observation in the first instance, and to only intervene in the case of late complications.

Agreed guidelines (between the ED and orthopaedic departments) are vital to the success of a redesigned programme. Such consensus between two teams reassures ED clinicians that their decisions are appropriate and supported by departmental guidance, ensures a consistent approach and reduces the requirement to seek advice from ED seniors or orthopaedic staff. Some advances in technology have facilitated this redesign, which would not previously have been possible. Digital imaging and the ability to view images in multiple locations were essential for decision making and vital to the success and quality control of this process. The almost universal use of mobile phones has enabled more reliable communication with patients while the reduced cost of plastic/velcro splints has made the use of plaster---and subsequent follow-up---less necessary.

One of the strengths of this study was the use of data that were prospectively collected for administrative reasons. It describes the pragmatic, real-life effect of introducing a new process. It was possible to examine the process and outcomes of a large number of patients over the time period. We were able to make a comparison with a control group of patients with injuries that had always been treated by the ED without referral (ankle sprains). This reduced the effect of any other simultaneous variation on the process that was not measured. The weakness of this study was the inability to draw a causal relationship between the process change and any observed differences in consultation times, reattendance rates or time to admission. We were also not able to exclude the effects of other changes in the ED that may have impacted on 'breach' proportions. Owing to the variation in admission processes between specialties, it was not possible to select an appropriate control group. It was also a retrospective study that was potentially subject to bias. The retrospective nature also resulted in our being unable to determine the ultimate destination of several patients. We therefore chose to analyse the patients managed under the new protocol together as one group. There was also the possibility of making a type II error, particularly in the analysis of reattendance rates. We mitigated this by including as large a patient group as possible and reducing the number of categories and subgroups examined by us. This study did not examine the short-term and long-term clinical outcomes of these patients. We have already published the functional outcome and satisfaction for patients with radial head fractures treated with this protocol.[@R3] We are currently undertaking a wider study of these outcomes. Future studies should examine patient satisfaction with this process, along with the long-term functional outcomes of a prospective series of patients treated using this protocol.

From the ED perspective, this redesign process has improved ED performance by reducing the time spent in the department for some patients with fractures without leading to an increase in 'unplanned re-attendances'. It has also demonstrated that a collaborative approach can lead to more efficient use of resources whilst allowing people with fractures to be more involved in the planning care tailored to their own needs. We have provided further information about our redesign online at <http://www.fractureclinicredesign.org>.
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